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ABSTRACT: Computation of seismic passive resistance and its point of application is an important aspect of 
seismic design of retaining wall. Several researchers in the past had obtained seismic passive earth pressures by 
using the conventional pseudo-static method. In this pseudo-static method, peak ground acceleration is assumed 
as constant and seismic passive pressure thus obtained shows the linear variation along the height of the 
retaining wall. There is hardly any scope to find out the point of application of seismic passive resistance by 
pseudo-static approach but to assume it to act at one-third height from the base of the wall. Rectifying these 
errors, in recently developed pseudo-dynamic method of analysis, all these factors are considered to compute 
seismic passive earth pressures. In this paper, an attempt has been made to compute the point of application of 
seismic passive resistance using limit equilibrium method of analysis with pseudo-dynamic approach. Effects of 
variation of parameters like wall friction angle, time period of earthquake ground motion, seismic shear and 
primary wave velocities of backfill soil, soil amplification and seismic peak horizontal and vertical ground 
accelerations on the seismic passive earth pressure are studied.  
1 Introduction 
Investigations of seismic passive resistance and its point of location are essential for the safe design of retaining 
wall in the seismic zone. Many researchers have contributed to this in the past and have developed several 
methods to determine the seismic passive earth pressure on a rigid retaining wall subjected to earthquake 
loading. The pioneering works on earthquake-induced active and passive earth pressure on a rigid retaining wall 
were reported by Okabe (1926) and Mononobe and Matsuo (1929) [see Kramer, 1996] using pseudo-static 
method. But this Mononobe-Okabe method using pseudo-static approach gives the seismic passive earth 
pressure value in a very approximate way.  
To rectify the approximation involved in pseudo-static approach, Steedman and Zeng (1990) proposed the 
pseudo-dynamic approach to compute the active earth pressure behind a retaining wall. In this pseudo-dynamic 
method, the effect of phase difference in the shear wave as it propagates vertically upward through the backfill 
behind the retaining wall was considered. Again Zeng and Steedman (1993) compared the theoretical results of 
seismic active earth pressure by pseudo-dynamic method with the centrifuge model test results to validate the 
approach. Choudhury and Nimbalkar (2006a) have further modified this approach by considering the additional 
effect of phase difference in primary waves with time variation. 
Choudhury and Nimbalkar (2005, 2006b) had proposed the theory to compute the seismic passive earth pressure 
by pseudo-dynamic method by considering both the shear and the primary waves propagating through the soil 
with a time variation. Again the recent research by Choudhury and Nimbalkar (2007) and Nimbalkar and 
Choudhury (2007) show the need of seismic design of retaining wall under passive earth pressure condition by 
considering the rotational and sliding stability of the wall respectively. However, these analyses didn’t cover in-
depth discussion of effect of various soil and wall parameters on the point of location of seismic passive 
resistance. Hence in this paper, a complete closed-form solution for computing the point of application of seismic 
passive resistance using limit equilibrium method of analysis with pseudo-dynamic approach is adopted. 
2 Method of Analysis 
A fixed base vertical cantilever rigid wall of height H, supporting a cohesionless backfill material with horizontal 
ground is considered in the analysis as shown in Figure 1. The shear wave velocity, Vs and primary wave velocity,
 
 Vp are assumed to act within the soil media due to earthquake loading. A planar failure surface at an inclination 
of α with respect to horizontal is considered in the analysis. In Figure 1, W(t) is the weight of the failure wedge, 
Qh(t) and Qv(t) are the horizontal and vertical seismic inertia force components, F is the soil reaction acting at an 
angle of φ (soil friction angle) to the normal to the inclined failure wedge, Ppe(t) is the total passive resistance 
acting at height h from the base of the wall at an inclination of δ (wall friction angle) to the normal to the wall. 
 
Let the base of the wall is subjected to harmonic horizontal seismic acceleration with amplitude ah (= khg, where g 
is the acceleration due to gravity) and harmonic vertical seismic acceleration with amplitude av (= kvg), the 
horizontal and vertical seismic accelerations at any depth z and time t with soil amplification factor f and exciting 
frequency ω, below the top of the wall can be expressed by equations (1) and (2) respectively as follows, 
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The mass of an elemental wedge at depth z is given as follows, 
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where, γ is the unit weight of the backfill. 
The weight of the whole wedge is,   
                    ( )
21
2 tan
HW t γ
α
=                                            (4) 
And, the total horizontal inertial force acting within the failure zone for passive case (Figure 1) can be expressed 
as, 
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And, total vertical inertial force acting within the failure zone for passive case (Figure 1) can be expressed as, 
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where, ζ = t – H/Vs and ψ = t – H/Vp. As the horizontal acceleration is acting from left to right and vice-versa and 
the vertical acceleration is acting from top to bottom and vice-versa, only the critical directions of Qh(t) and Qv(t) 
are considered to result the minimum seismic passive earth pressure. 
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Figure 1. Model wall for computation of pseudo-dynamic passive earth pressure (adapted and modified after 
Choudhury and Nimbalkar, 2005) 
 The total (static + dynamic) passive resistance, Ppe(t) can be obtained by resolving the forces on the wedge and 
considering the equilibrium of the forces and hence Ppe(t) can be expressed by equation (9) as follows, 
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    The seismic passive earth pressure coefficient, Kpe is defined as, 
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2
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Substituting for Qh(t) and Qv(t) in the equation (9), an expression for Kpe in terms of Qh(t), Qvp(t) and Wp(t) can be 
derived. 
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       From equation (11), it is seen that Kpe is function of the dimensionless parameters H/TVs, H/TVp, t/T, f and 
the wedge angle α. By optimizing Kpe with respect to t/T and α, it is found that Kpe is a function of H/TVs, H/TVp 
and f. 
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       And the seismic passive earth pressure distribution ppe(t) can be obtained by differentiating the total passive 
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resistance with respect to the depth of the wall as given in equation (12). 
It may be noted that equations (11) and (12) are exactly same as those given by Choudhury and Nimbalkar 
(2005) for a specific case of f = 1.0, i.e. no soil amplification.  
Total seismic passive resistance can also be defined as 
                                                        ( ) ( ) ( ) ( )pe ps pd ps phd pvdP t P P t P P t P t⎡ ⎤= − = − +⎣ ⎦                             (13) 
Where, Pps is the passive resistance on the retaining wall due to vertical weight of the wedge, Pphd(t) is the 
passive resistance on the wall due to horizontal inertia of the wedge and Ppvd(t) is the passive resistance on the 
wall due to vertical inertia of the wedge. 
The point of location of Ppd(t), i.e. hd above the base can be found by taking moments about the base of the wall. 
Then, if Md(t) is the dynamic component of the bending moment, 
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where, m =  λ kh cos(α+φ) and  n = η kv sin(α+φ) 
 
Point of application of total passive resistance (static + seismic) is given by, 
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3 Results and Discussions 
Variations of parameters considered in the present analysis are as follows: 
φ = 200, 300 and 400; δ/φ = -0.5, 0.0, and 0.5; kh = 0.0, 0.1, 0.2 and 0.3; kv = 0.0, 0.5kh and 1.0kh; f = 1.0, 1.2, 1.4; 
Vs = 100 m/s, Vp = 187 m/s 
3.1 Effect of amplification factor (f) 
The values of of point of location of dynamic passive resistance increment (hd) in nomdimensional form are given 
in Tables 1, 2 and 3 for different values of amplification factors (f).  It is evident that both the horizontal and 
vertical seismic accelerations with amplification effect show decrease in point of location of dynamic passive 
resistance increment (hd). For example, when f changes from 1.2 to 1.4, for the case of δ = 0
0, φ = 300, kh = 0.2 
and kv = 0.0, the value of hd is decreased by 3 %. Again, when f changes from 1.2 to 1.4, for the case of δ = 0
0, φ 
= 300, kh = 0.2 and kv = 0.5kh the value of hd is decreased by 17.6 % whereas for the case of δ = 15
0, φ = 300, kh = 
0.2 and kv = 0.5kh, the value of hd is decreased by 25.4 %. 
3.2 Effect of wall friction angle (δ) 
Figures 2 (a) and 2 (b) show the plot of normalized distribution of seismic passive earth pressure with the 
normalized height of the retaining wall with φ = 300, kh = 0.2, kv =0.5kh, H/λ = 0.3, H/η = 0.16 for f = 1.0 and f = 1.2 
resepectively. From the plot, it may be seen that for the case of f = 1.0, the seismic passive earth pressure at the 
base of the retaining wall δ =0 and δ = φ/2 are about 48% and 59% greater than that for δ = -φ/2 at the base of the 
retaining wall. Also for the case of f = 1.2, he seismic passive earth pressure at the base of the retaining wall δ =0 
and δ = φ/2 are about 25% and 83.2% greater than that for δ = -φ/2 at the base of the retaining wall. Hence, 
similar to the static case, in seismic case also, passive resistance increases with increase in wall friction angle. 
Also the amplification effect also influences significantly the seismic passive earth pressure. The assumption of 
planar failure surface yields satisfactory results for the condition of δ < φ/2 (Nimbalkar and Choudhury, 2007). 
Hence in this paper, the results are restricted for this condition only. 
 
 
Table 1. Point of location of dynamic passive resistance increment (hd/H) for f = 1.0 
kh 
0.0 0.1 0.2 0.3 
kv kv kv kv 
 φ 
(deg.) 
δ 
(deg.) 
0.0 0.0 0.05 0.1 0.0 0.1 0.2 0.0 0.15 0.3 
-10 0.333 0.410 0.396 0.381 0.404 0.374 0.334 0.413 --- - 
0 0.333 0.411 0.397 0.381 0.400 0.367 0.322 0.405 --- - 
10 0.333 0.412 0.397 0.380 0.395 0.360 0.313 0.398 --- - 
 
20 
20 0.333 0.412 0.397 0.380 0.391 0.355 0.305 0.392 --- - 
-15 0.333 0.417 0.403 0.388 0.414 0.385 0.350 0.428 0.378 --- 
0 0.333 0.419 0.404 0.389 0.411 0.380 0.342 0.420 0.366 --- 
15 0.333 0.420 0.405 0.389 0.408 0.375 0.335 0.414 0.355 --- 
30 
30 0.333 0.420 0.405 0.388 0.403 0.369 0.327 0.406 0.344 --- 
-20 0.333 0.422 0.409 0.394 0.423 0.394 0.360 0.438 0.392 0.325 
0 0.333 0.425 0.410 0.395 0.420 0.389 0.353 0.432 0.381 0.306 
20 0.333 0.418 0.403 0.387 0.408 0.377 0.339 0.416 0.363 0.283 
40 
40 --- --- --- --- --- --- --- --- --- --- 
 
(--- Missing values are due to non convergence of solution, - Missing values are due to shear fluidization as per 
Richards et al., 1990) 
Table 2. Point of location of dynamic passive resistance increment (hd/H) for f = 1.2 
kh 
0.0 0.1 0.2 0.3 
kv kv kv kv 
 φ 
(deg.) 
δ 
(deg.) 
0.0 0.0 0.05 0.1 0.0 0.1 0.2 0.0 0.15 0.3 
-10 0.333 0.408 0.383 0.357 0.394 0.338 0.307 0.378 --- - 
0 0.333 0.406 0.383 0.352 0.381 0.309 --- 0.351 --- - 
10 0.333 0.403 0.379 0.348 0.373 0.291 --- 0.325 --- - 
 
20 
20 0.333 0.402 0.375 0.343 0.362 0.271 --- 0.296 --- - 
-15 0.333 0.415 0.393 0.367 0.408 0.357 0.270 0.416 0.297 --- 
0 0.333 0.414 0.390 0.363 0.400 0.341 0.233 0.398 0.245 --- 
15 0.333 0.413 0.389 0.360 0.392 0.326 0.194 0.383 0.185 --- 
30 
30 0.333 0.411 0.386 0.355 0.381 0.309 0.148 0.364 0.101 --- 
-20 0.333 0.422 0.399 0.373 0.420 0.370 0.298 0.432 0.341 --- 
0 0.333 0.421 0.398 0.371 0.412 0.356 0.266 0.418 0.306 --- 
20 0.333 0.412 0.388 0.360 0.395 0.335 0.228 0.394 0.259 --- 
40 
40 --- --- --- --- --- --- --- --- --- --- 
 
(--- Missing values are due to non convergence of solution, - Missing values are due to shear fluidization as per 
Richards et al., 1990) 
Table 3. Point of location of dynamic passive resistance increment (hd/H) for f = 1.4 
kh 
0.0 0.1 0.2 0.3 
kv kv kv kv 
 φ 
(deg.) 
δ 
(deg.) 
0.0 0.0 0.05 0.1 0.0 0.1 0.2 0.0 0.15 0.3 
-10 0.333 0.403 0.369 0.329 0.381 0.280 --- 0.339 --- - 
0 0.333 0.398 0.364 0.320 0.363 0.226 --- 0.272 --- - 
10 0.333 0.394 0.358 0.308 0.345 0.182 --- 0.206 --- - 
 
20 
20 0.333 0.391 0.352 0.299 0.327 0.126 --- 0.124 --- - 
-15 0.333 0.413 0.382 0.340 0.403 0.324 0.138 0.403 0.170 --- 
0 0.333 0.409 0.375 0.333 0.388 0.290 --- 0.374 --- --- 
15 0.333 0.406 0.371 0.324 0.374 0.260 --- 0.345 --- --- 
30 
30 0.333 0.402 0.364 0.314 0.357 0.223 --- 0.309 --- --- 
-20 0.333 0.421 0.389 0.351 0.417 0.343 0.201 0.427 0.275 --- 
0 0.333 0.418 0.384 0.344 0.403 0.318 0.118 0.402 0.188 --- 
20 0.333 0.406 0.372 0.327 0.381 0.282 0.008 0.367 0.062 --- 
40 
40 --- --- --- --- --- --- --- --- --- --- 
 
(--- Missing values are due to non convergence of solution, - Missing values are due to shear fluidization as per 
Richards et al., 1990) 
 
It also reveals non-linear seismic passive earth pressure distribution behind retaining wall in a more realistic 
manner compared to the pseudo-static method. The basic equations discussed in the present paper (equations 
 
12 and 15) also clearly show mathematically the non-linearity of the seismic passive earth pressure distribution. 
3.3 Effect of vertical seismic acceleration coefficient (kv) 
Figures 3 (a) and 3 (b) show the plot of normalized distribution of seismic passive earth pressure with the 
normalized height of the retaining wall with δ = φ/2, φ = 300, kh = 0.2, H/λ = 0.3, H/η = 0.16 for f = 1.0 and f = 1.2 
respectively. From the plot, it may be seen that for the case of f = 1.0, the seismic passive earth pressures at the 
base of the retaining wall for kv = kh and 0.5kh are about 14% and 7.5% smaller than that for kv = 0. Also for the 
case of f = 1.2, the seismic passive earth pressures at the base of the retaining wall for kv = kh and 0.5kh are 
about 18% and 9 % smaller than that for kv = 0. Thus the pronounced effect of amplification is also evident from 
these plots. Though the effect of vertical seismic acceleration on seismic passive resistance is hardly considered 
in the analysis by many researchers, the present study reveals the significant influence of vertical seismic 
acceleration on the seismic passive resistance. 
4 Comparison of Results 
 
Table 4 shows the comparison of the results of point of application of the total seismic passive resistance with 
those obtained by the previous researchers like Mononobe-Okabe (1926, 1929) [see Kramer, 1996] and 
Choudhury et al. (2004). From Table 4, it is clear that results of point of application of total passive thrust 
computed by pseudo-dynamic method compare well with the previously published data and current design 
recommendations. But present results cannot be compared for any generalized case with the influence of body 
waves and soil amplification on seismic earth pressures under passive earth pressure condition due to scarcity of 
results in literature. 
Table 4. Comparison of point of application of total passive resistance (h) obtained by the present study with 
available methods for H = 10 m, φ = 340, δ = 170, γ = 17.3 kN/m3, kh = kv = 0.3, f = 1.0. 
Methods Point of application of total passive resistance (h) 
Mononobe-Okabe (1926, 
1929) [see Kramer, 1996] 
0.333H 
Choudhury et al. (2004) 0.332H 
Present study 0.287H 
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Figure 2. Effect of wall friction angle (δ) on seismic passive earth pressure distribution with φ = 300, kh = 0.2, kv 
=0.5kh, H/λ = 0.3, H/η = 0.16 for (a) f = 1.0 (b) f = 1.2 
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Figure 3. Effect of vertical seismic acceleration coefficient (kv) on seismic passive earth pressure distribution with 
δ = φ/2, φ = 300, kh = 0.2, H/λ = 0.3, H/η = 0.16 for (a) f = 1.0 (b) f = 1.2 
5 Conclusions 
The present study shows that the point of application of seismic passive resistance vary significantly with 
seismicity compared to a constant value proposed by pseudo-static method of analysis. It is also found that the 
point of application of seismic passive resistance is well below one-third from the base of the wall compared to 
the static value of one-third from the base of the wall. Amplification of body waves viz. shear and primary waves 
as they propagate vertically through the backfill soil significantly affects the point of location of seismic passive 
resistance. Also this location shifts towards the base of the wall with increase in interfacial soil-wall friction. The 
non-linearity of the seismic passive earth pressure distribution increases with seismicity compared to a linear 
pseudo-static seismic passive earth pressure distribution. But the conventional pseudo-static approach gives only 
linear earth pressure distribution irrespective of static and seismic condition leading to a major drawback in the 
design criteria. Thus the pseudo-dynamic method presented here describes well the change in the point of 
application of passive resistance under seismic loading which is required for the safe design of the wall under 
passive state of earth pressure conditions. 
6 List of Notations 
ah, av = amplitude of horizontal and vertical seismic acceleration respectively 
g = acceleration due to gravity 
H = height of the retaining wall 
Kpe = seismic passive earth pressure coefficient 
kh, kv = seismic acceleration coefficient in the horizontal and vertical direction respectively 
Ppe = pseudo-dynamic passive resistance 
Qh, Qv = horizontal and vertical inertia force due to seismic accelerations respectively 
t = time 
T = period of lateral shaking 
Vs, Vp = shear and primary wave velocity respectively 
α = angle of inclination of the failure surface with the horizontal 
γ = unit weight of the soil 
φ = soil friction angle 
δ = wall friction angle 
ω = angular frequency of base shaking 
ζ = t – H/Vs  
ψ = t – H/Vp 
λ = TVs 
η = TVp 
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